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Wing  the  past  year  we  have  further  characterized  the  immunotoxlc  effects  of 
1 , 1-dlmethyl hydrazine  (UDMH).  Evidence  has  been  accumulated  which  Indicates 
that  UDMH  Interferes  with  the  regulatory  arm  of  the  Immune  system  at  low  dose 
or  concentration  levels. 

Results  from  earlier  experiments  which  supported  this  conclusion  included:  In¬ 
creased  Jeme  plaque  response  In  UDW-treated  mice;  abrogation  of  concanavalin. 
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^-Induced  suppressor  activity  following  In  vivo  or  In  vitro  UOMH  exposure; 
and  enhancement  of  lymphocyte  blast  transTbrmatlon  7LBT)  by  l/DMH- treated 
lymphocytes.  Ourlng  the  past  year  we  have  shown  that  at  least  one  type  of 
regulatory  cell  which  UDM  appears  to  Inhibit  Is  In  the  adherent  cell  popu¬ 
lation  of  splenocytes.  This  1$  demonstrated  by  the  fact  that  exposure  of 
adherent  cells  to  UOMH  enhanced  the  mixed  lymphocyte  reaction  (MLR).  Pre¬ 
liminary  experiments  now  In  progress  Indicate  that  the  UDM4  suppresses' 
prostaglandin  E  (PGE)  production  by  the  adherent  splenocyte  population, 
which  would  explain  the  effects  seen  In  the  MLR,  as  PGE  has  been  shown  by 
others  to  Inhibit  various  Immune  responses.  Including  the  MLR.  Experiments 
are  currently  underway  which  will  evaluate  the  effects  of  UOMH  on  PGE  synthesis 
by  various  subpopulatlons  of  lymphocytes  and  macrophages,  as  well  as  on  cyclic 
nucleotide  levels  and  la  antigen  expression  (la  antigen  Is  a  product  of  the 
Immune  responder  genes). 
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Research  objectives 

During  the  FY  1981,  1982,  we  continued  to  characterize  the  immunotoxic 
effects  of  1,1-dimethylhydrazine  (UDMH),  and  have  begun  attempts  to  delineate 
the  mechanisms  of  its  effects  at  a  cellular  and  molecular  level.  We  are  focusing  on 
the  mechanism  of  action  of  UDMH  in  the  hope  that  it  will  eventually  lead  to  some 
"common  denominators"  which  will  explain  seemingly  diverse  immunotoxic  effects, 
and  even  toxic  effects  on  other  organ  systems. 

Specific  objectives  for  FY  1981-82  included: 

A.  Completion  of  the  evaluation  of  effects  of  UDMH  on  adherent  and  non¬ 
adherent  responder  ceil  populations  and  intact  stimulator  cell  populations  in 
the  mixed  lymphocyte  reaction  (MLR). 

B.  Completion  of  evaluation  of  UDMH  on  macrophage  function  (phagocytosis, 
killing,  chemotaxis)  using  thioglycoilate-elicited  peritoneal  macrophages. 

C.  Finish  experiments  on  effects  of  UDMH  on  development  of  autoimmune 
disease  in  MLR  mice. 

D.  Begin  evaluation  of  UDMH  on  expression  of  lymphocyte  membrane  markers 
(Lyt  1.2,  Lyt  2.2). 

E.  Begin  evaluation  of  UDMH  on  membrane  expression  of  la  antigens  on 
lymphocytes  and  macrophages. 

F.  Begin  evaluation  of  UDMH  on  prostaglandin  synthesis  by  macrophages  and 
lymphocytes. 

G.  Begin  evaluation  of  UDMH  on  cyclic  nucleotide  levels  in  macrophages  and 
lymphocytes. 


II.  Status  of  Research 

A.  In  vitro  UDMH  treatment  of  cell  subpopulations  in  the  murine  mixed 
lymphocyte  reaction  (MLR). 

The  in  vito  and  in  vitro  effects  of  UDMH  on  the  murine  MLR  were 
studied.  In  vivo  studies  in  which  splenocytes  from  mice  injected  with  UDMH 
for  one  week  were  used  as  the  responder  cell  population  showed  a  significantly 
reduced  MLR  with  doses  of  10  ug  UDMH/kg  mouse  (p<.01),  25  ug/kg  (p < .025) 
and  50  ,ug/kg  (p<  .005).  The  in  vitro  addition  of  UDMH  throughout  the  MLR  7 
day  culture  period  resulted  in  a  concentration  related  suppression  of  the  MLR 
response  at  concentrations  of  10  jug/ml  (p<  .01),  25  ug/ml  (p<.005),  and  50 
jLig/ml  (p<.025).  A  similar  suppression  was  noted  in  assays  in  which  adherent 
cells  had  been  removed  from  the  responder  cell  population  and  UDMH  added 
for  the  duration  of  the  culture  period.  Decreases  in  responses  were  observed 
at  25  ug/ml  (p<  .025)  and  50  jug/ml  (<  .050).  Two  hour  pre-treatment  with 
UDMH  on  various  cell  sub-populations  involved  in  the  MLR  produced  the 
following  results:  1)  pre-treatment  of  nonadherent  responder  cells  (without 
reconstitution  with  adherent  cells)  resulted  in  a  slight  concentration  related 
suppression  of  MLR  at  concentrations  of  10  ug/ml  (p<.025),  25 ug/ml  (p<.l0) 
and  50  ug/ml  (p<  .05);  2)  pre-treatment  of  adherent  cells  in  the  responder  cell 
population  resulted  in  a  slight  enhancement  of  MLR  50  ug/ml(p<.05),  and  a 
more  pronounced  enhancement  when  compared  to  treated  intact  responder 
cells;  3)  pre-treatment  of  intact  responder  cell  population,  treated  non¬ 
adherent  cells  reconstituted  with  untreated  adherent  cells,  and  intact 
stimulator  ceils  did  not  alter  MLR.  There  was  no  cytotoxicity  due  to  UDMH 
treatments  observed  in  any  assays.  These  data  indicate  that  UDMH  in  some 
manner  modifies  specific  immune  cell  functions.  (See  enclosed  reprint  for 
methodology  details  and  tables  of  results). 
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B.  Effects  of  in  vitro  UDMH  treatment  on  macrophage  function. 

Experiments  have  been  done  to  evaiuate  the  effects  of  UDMH  on  the 
phagocytic,  microbicidal,  and  chemotactic  properties  of  macrophages.  The 
source  of  macrophages  was  peritoneal  exudate  ceils  (PEC),  which  were  elicited 
by  injecting  Balb/C  mice  with  thioglycoilate  intraperitoneally,  then  harvesting 
the  PEC  four  days  later.  To  determine  phagocytic  and  microbicidal  functions, 
PEC  (lxlO6)  were  added  to  live  yeast  ceils  (cell  to  yeast  ratio  of  1:5)  and 
incubated  for  2)4  hours  at  37°C  in  the  presence  of  methylene  blue  dye  and 
varying  concentrations  of  UDMH.  The  cell-yeast  mixture  was  then  pipetted 
onto  a  hemocytometer  chamber  and  the  percent  of  PEC  containing  at  least 
two  live  (unstained)  or  dead  yeast  (percentage  phagocytosis),  as  well  as  the 
percent  of  PEC  containing  at  least  one  killed  (denoted  by  blue  dye)  yeast 
(percentage  killing),  were  determined.  The  results  as  shown  in  Tables  1  and  2 
indicate  that  UDMH  significantly  decreases  the  amount  of  phagocytosis  of 
yeast  by  the  PEC  at  concentrations  of  5  to  100  ug/ml  UDMH,  however  there  is 
no  alteration  in  phagocytosis  seen  at  concentrations  of  UDMH  at  200  ug/ml. 
At  concentrations  of  100,  200,  and  300  ug/ml  UDMH  there  is  noted  a  decrease 
in  microbicidal  activity  of  the  PEC. 

The  chemotactic  activity  of  the  PEC  was  determined  by  the  use  of  a  4S 
well  micro  chemotaxis  chamber.  PEC  (2xl05)  and  varying  concentrations  of 
UDMH  were  placed  in  the  upper  wells  of  the  chamber.  The  chemoattractant 
used  was  zymosan  activated  by  complement  (present  in  fresh  mouse  sera).  The 
zymosan  was  placed  in  the  lower  wells  of  the  chamber  and  separated  from  the 
upper  wells  by  a  5  u  pore  size  filter.  The  chamber  was  incubated  for  5  hrs.  at 
37°C  and  the  PEC  allowed  to  migrate  into  the  filter  paper  barrier  between  the 
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upper  and  lower  chambers.  After  this  5  hr.  period,  the  filter  paper  was  stained  with 
Hemal-Stain  and  examined  microscopically.  Results  are  expressed  as  the  number  of 
cells  which  migrated  through  the  filter  per  ten  high  power  fields  (Table  3).  The 
presence  of  UOMH  in  this  assay  system  neither  significantly  inhibited  nor  enhanced  the 
chemotactic  activity  of  the  PEC,  however  a  slight  to  moderate  decrease  was  noted  at 
all  concentrations  of  UDMH  tested. 

C.  Effects  of  UOMH  treatment  on  the  development  of  autoimmune  disease  in 
MRL-lpr/lpr  mice 

Previous  experiments  indicated  that  UDMH  treatment  (23  mg/kg  3  times/- 
week  from  8  weeks  of  age  until  death)  did  not  affect  age  of  onset  of 
lymphadenopathy  or  death  in  MRL-lpr/lpr  mice  (a  strain  of  mice  which  develop 
autoimmune  disease  early  in  life)  (Table  4).  Subsequent  experiments  indicated 
that  development  of  antinuclear  antibody  was  not  affected  by  similar  UDMH 
treatment  (Table  3). 

D.  Effects  of  UDMH  on  expression  of  membrane  markers  of  lymphocyte 
subpopulations. 

These  experiments  are  still  in  the  beginning  phase.  Initially,  splenocytes 
were  incubated  with  anti-mouse  immunoglobulin  serum,  then  passed  through  a 
column  of  protein  A-sepharose  GMB  beads,  in  an  attempt  to  remove  B-cells 
from  the  population.  The  unbound  cells  (mostly  T-cells)  passed  through  the 
column,  and  then  were  incubated  with  monoclonal  anti  Ly  1.2  (helper  T  cells) 
or  anti  Ly  2.2  (suppressor/cytotoxic  T-cells),  followed  by  FITC  conjugated 
anti-mouse  immunoglobulin.  Problems  were  encountered  in  that  too  many 
cells  were  lost  in  the  column,  and  the  cell  populations  were  not  purified 
adequately.  Similar  experiments  are  now  being  attempted  using  a  direct 
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immunofluorescent  assay,  i.e.  FITC  conjugated  monoclonal  anti  Ly  1  and  anti 
Ly  2  reagents.  These  reagents  will  be  used  on  splenocyte  suspensions  which 
have  been  exposed  to  UDMH,  as  well  as  on  frozen  tissue  sections  of  lymph 
nodes,  spleen  and  thymus  from  animals  which  have  been  treated  with  UDMH. 

j  E.  Effects  of  UDMH  on  la  antigen  expression 

! 

The  visualization  of  la  antigen  on  adherent  and  non-adherent  cell  surfaces 
|  has  been  achieved  using  an  indirect  immunofluorescent  technique.  Live  cells 

are  incubated  with  monoclonal  rat  anti-mouse  la  reagent  for  45  minutes  at 
4°C.  The  cells  are  then  washed  and  treated  with  rabbit  sera  for  45  minutes  at 
4°C.  After  this  incubation  period,  the  cells  are  again  washed  and  then 
incubated  with  rabbit  anti-rat  immunoglobulin  serum  for  45  minutes  at  4°C. 
|  The  cells  are  then  washed  and  counterstained  with  new  methylene  blue  dye. 

When  viewed  with  a  fluorescent  microscope,  la  positive  cells  have  a  green  ish- 
|  yellow  membrane  fluorescence  on  their  cell  surfaces,  while  Ia-negative  cells 

t 

i  are  counterstained  a  dull  red  color.  The  number  of  la-positive  cells  can  then 

! 

i 

|  be  quantitated  and  percentages  of  la-positive  cells  computed.  Experiments  are 

|  now  being  initiated  in  which  UDMH  will  be  added  to  live  splenocyte 

suspensions  for  variable  time  periods  and  then  tested  for  la  antigen  expression, 
j  in  comparison  to  la  antigen  expression  on  non-treated  incubated  cells. 

i  Also,  la  antigen  expression  will  be  evaluated  on  frozen  tissue  sections  .of 

j 

spleen,  thymus,  and  lymph  nodes  from  UDMH-treated  and  control  mice  using 
the  immunofluorescence  procedure. 

F.  Effects  of  in  vitro  UDMH  on  macrophage  prostaglandin  Ej  and  cyclic 
nucleotide  synthesis. 

Preliminary  experiments  have  been  done  to  evaluate  the  effects  of  UDMH 
on  PGEj  and  cyclic  nucleotide  (cAMP-cGMP)  synthesis  and  release  into  culture 

I 
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media  by  murine  spleen  cells.  Spleen  cells  (5x10 6 /ml)  were  incubated  for  2 
and  24  hours  at  37°  C  in  the  presence  of  varying  concentrations  (5-200  ug/ml) 
of  UDMH.  Supernatants  were  collected  and  then  evaluated  for  PGEj  and  cells 
were  harvested  with  trichloracetic  acid  for  cAMP-cGMP  levels.  Levels  of 
these  compounds  were  determined  by  radioimmunoassay  which  is  set  up  on  the 
basis  of  competitive  binding,  Radioactive  labelled  PGE2  and  cyclic  nucleo¬ 
tides  and  their  antisera  counterparts  were  added  to  the  samples.  Labelled  PG 
and  cyclic  nucleotides  compete  for  binding  sites  on  the  antisera  with  any  PG 
and  cAMP-cGMP  already  present  in  the  samples.  Results  produced  as  the 
means  of  the  percent  binding  of  the  labelled  PGE2,  cAMP,  and  cGMP  were 
then  plotted  on  an  11-18  point  standard  curve  for  each  compound.  The 
standard  curve  for  PGE2  ranged  from  1  picogram  (pg)  to  10,000  pg/100  ul;  for 
cAMP,  from  1.25  to  10,000  fentamoies  (fm)/l00  ul;  and  for  cGMP,  from  1.25  to 
10,000  fm/300  ul  diluent.  Results  from  the  samples  tested  are  expressed  for 
PGE2  pg/5xl05  cells;  for  cAMP  in  fm/lxl0^  cells;  and  for  cGMP,  in 
fm/3xl05  cells. 

Results  from  preliminary  experiments  indicate  that  UDMH  does  inhibit 
PGE2  synthesis  by  adherent  splenocyte  populations.  A  sample  experiment 
consisted  of  incubating  adherent  splenocytes  for  two  hours  with  UDMH,  then 
harvesting  the  supernatant  and  measuring  PGE2  levels.  The  results  shown  in 
Table  6  indicate  that  the  most  suppressive  effects  are  seen  at  concentrations 
of  25-100  ug/ml  UDMH,  with  less  suppression  at  lower  (5-10  ug/ml)  and  higher 
(200  ug/ml)  concentrations.  Other  experiments  have  yielded  similar  results. 
PGE2  synthesis  by  intact  and  non-adherent  splenocyte  populations  was  not 
affected  by  UDMH  exposure  in  preliminary  experiments.  Further  experiments 


with  different  times  of  exposure,  concentration  of  UDMH,  and  cell  populations 
are  now  in  progress. 

To  date,  no  results  are  available  for  experiments  involving  effects  of 
UDMH  on  cellular  cyclic  nucleotide  levels. 
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Table  1.  Effects  of  UDMH  on  phagocytosis  of  peritoneal  macrophages. 


Concentration  UDMH 
(us/ml) 

Percent  phagocytosis3 

P  value 

0  (media  control) 

42.7  + 

4.0 

- 

5 

38.7  + 

3.0 

NSC 

10 

32.8  + 

4.0 

<.025 

25 

32.8  + 

4.0 

<.025 

50 

28.2  + 

4.5 

<.005 

100 

35.8  + 

3.5 

<.025 

200 

42.7  + 

4.1 

NS 

300 

37.3  + 

4.0 

<.05 

No.  macrophages  containing 

determined  by:  2  or  more  yeast  organisms  ,00 

total  no.  macrophages 

At  least  100  total  cells  counted  per  slide.  Expressed  as 
percent  +  standard  error  of  the  mean. 

bP  value  determined  by  student  t  test. 

CN5  =  not  significant. 
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Table  2.  Effects  of  UDMH  on  microbicidal  capacity  of  peritoneal 
macrophages. 


Concentration  UDMH 


Percent  macrophages 
containing  dead  yeast 


P  value 


0  (media  control) 

14  + 

2 

- 

5 

16  + 

1.5 

NSC 

10 

14  + 

1 

NS 

25 

16  + 

4 

NS 

50 

14  + 

4 

NS 

100 

10  + 

2 

<.025 

200 

10  ♦ 

2 

<.05 

300 

8  + 

1 

<.001 

No.  macrophages  containing  1  or 

determined  by: 

Yeast  viability  determined  by  trypan  blue  dye  exclusion. 
Expressed  as  percent  +  standard  error  of  the  mean. 

bP  value  determined  by  student  t  test. 

CNS  =  not  significant 


Table  3.  Effects  of  UDMH  on  the  chemotactic  properties  of 
peritoneal  macrophages. 

Concentration  UOMH  No.  migrated  cells/ 10  hpfa 


0  (media  control) 

338  +  77 

1 

310  +  58 

5 

275  +  49 

10 

242  ♦  49 

25 

251  +  24 

50 

270  +  60 

100 

307  +  63 

200 

252  +  29 

ahpf  *  high  power  field.  Expressed  as  number  of  cells  which 

migrated  through  the  filter  +  standard  of  the  mean/ 10  hpf, 
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Table  4.  Effects  of  25  mg/kg  UOMH  on  age  of  onset  of  lymphadenopathy 
n  MRL-lpr/lpr  mice. 


i  _ 

UDMH-treated 


Control 


■(-iuUUflffli 

Age  of  onset  (days) 

1 

81 

1 

97 

2 

97 

2 

97 

3 

99 

3 

105 

4 

89 

4 

99 

14 


Table  5.  Effects  of  UDMH  treatment3  on  development  of  antinuclear  antibody 
in  MRL-lpr/lpr  mice. 


_ Fluorescent  Intensity  of  Sera** _ 

pre-UDMH  treatment  14  <feic  33  dpi 


male,  25  mg/kg  UDMH 

0.8 

2.6 

3.4 

male,  PBS  control 

1.6 

3.0 

3.3 

female,  25  mg/kg  UDMH 

2.4 

3.3 

3.3 

female,  PBS  control 

2.8 

3.6 

4.0 

aMice  were  treated  with  25  mg/kg  UDMH  or  phosphate  buffered  saline  (diluent 
control)  3  times/week  from  8  weeks  of  age  until  death. 

^Expressed  as  intensity  of  fluorescence  based  on  a  scale  of  0  (no  fluorescence) 
to  4  (maximum  fluorescence)  using  test  sera  diluted  at  1:40. 

cdpi  =  days  post  initiation  of  UDMH  treatment. 


30 

96 

73 

91 

100 

84 

200 

102 

a Adherent  cells  were  exposed  to  UDMH  for  2  hours,  then 
the  media  harvested  for  PGEj  assay. 

bMedia  was  from  adherent  cells  removed  from  whole 
splenocyte  suspensions  plated  at  3x1 0®  cells/ml. 
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VI.  Significance  of  Results  to  Date  and  Future  Direction. 

Work  to  date  has  clearly  indicated  that  UDMH  modulates  the  immune 
response,  augmenting  the  response  mainly  at  low  to  medium  concentration  or  dose 
ranges,  and  inhibiting  the  response  at  higher  exposure  levels.  Evidence  has  been 
presented  that  the  augmentation  of  the  immune  response  by  UDMH  is  due  to 
interference  of  the  suppressor  or  regulator  cell  mechanisms  of  the  immune  system. 
This  observation  correlates  well  with  published  reports  of  the  association  of 
autoimmune  disease  with  administration  of  hydrazine-derivative  drugs  such  as 
hydralazine. 

There  are  several  possible  mechanisms  for  this  effect,  and  it  has  been  the 
elucidation  of  this  (or  these)  mechanism  to  which  we  have  directed  and  will 
continue  to  direct  our  efforts. 

Our  preliminary  experiments  involving  the  effects  of  UDMH  on  prostaglandin 
(PGE)  synthesis  by  adherent  ceils  have  shown  that  UDMH  does  suppress  PGE 
synthesis,  particularly  at  the  concentration  ranges  that  it  also  inhibits  suppressor 
cell  activity.  This  could  be  one  mechanism  of  the  immunoenhancement  properties 
of  UDMH,  as  there  is  now  good  evidence  that  PGE  does  suppress  the  immune 
response  and  probably  plays  an  important  role  in  immunoregulation  in  the  in  vivo 
cellular  microenvironment.  In  addition,  it  has  recently  been  shown  that  PGE  at 
physiologic  concentrations  suppresses  la  antigen  expression  by  peritoneal  macro¬ 
phages  (D.S.  Snyder  et  al.  Nature  299:163-165,  1982).  The  la  antigen  is  a  product 
of  the  immune  responder  gene;  it  is  expressed  on  the  membrane  of  certain  subsets 
of  lymphocytes  and  of  macrophages,  and  its  expression  and  recognition  by  other 
subsets  is  necessary  for  a  normal  immune  response  to  occur.  Hence,  inhibition  of 
its  expression  would  be  one  way  of  regulating  (suppressing)  the  immune  response. 


Conversely,  if  la  antigen  expression  Is  increased,  the  immune  response  would  be 
enhanced.  We  are  now  initiating  experiments  to  determine  the  effects  of  UDMH  on 
la  antigen  expression  by  various  immunocyte  populations. 

The  importance  of  our  findings  to  date  is  two-fold.  First  of  all,  regarding 
exposure  to  UDMH,  it  is  apparent  that  chronic  exposure  to  low,  subtoxic  levels  may 
result  in  subtle  immunoregulatory  disorders  long  after  exposure  has  begun.  These 
effects  may  not  be  clinically  manifest,  or  if  they  are,  the  signs  (e.g.  of  autoimmune 
disease)  may  not  be  readily  linked  to  the  UDMH  exposure. 

Secondly,  by  studying  the  mechanism  of  action  of  UDMH,  it  will  be  possible  to 
apply  the  techniques  and  information  learned  to  immunotoxic  evaluation  of  other 
compounds.  These  studies  may  also  contribute  to  the  elucidation  of  basic 
mechanisms  of  the  immune  system  which  is  now  rapidly  taking  place. 
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Abstract:  Ttmm  utoo  p/idM  of  the  mportid  huv  fndbdf  tht  imiadoii  of  Immune  function 

after  than-  or  tongnm  treatment  of  trie e  with  1.1  -dtmethylhydrxnne  (UDMH).  Long-term 
exposure  (3  I tfectiorwjwaek  for  14  weekt)  rouibaci  m  inewowi  numbon  of  Jama  phque- 
formtng  eric,  a  trend  toward  decreated  Induction  of  suppteaw  cot  activity  by  coocanocoln  A 
(Con  AJ,  and  no  affection  mttogen-inducad lymphocyte  biati  traneformadn (LBT),  compand  to 
tatine-oeemd  control  mica.  Them  effeett  were  greatea  at  dote*  of  10  or  50  mg/kg.  urhd*  higher 
doom  hod  tom  of  an  effect.  In  aOro  experiments  mere  performed  by  adding  UDMH  to  normal 
murine  tpienocytet  M  the  LBT  amay  and  eon  A -induced  tupprettor  cot  army.  The  UDMH 
Induced  a  tiptifleant  enhanced  rotponm  to  tpopotyoacchatidolLPS)  at  10  and  50  M/ml.  and  a 
tupproom d  response  to  both  Con  A  and  LPS  a  higher  cuncetenetuta.  The  UDMH  ahocauted  a 
deneam  in  tupprettor  eel  activity  at  23  m!^  Saleetioe  abrogation  of  tupprettor  activity  or 
attention  of  dm  tuppremor  eel  helper  ratio  wen  iu ggotiod  m  paetible  meehantmm  for  the 


Key  Words  1.1-DtmethyfrydraUne;  Lymphocyte  Wse  twnVkinnHon,  Jama  pinqua  cate  Can  A-inducad 


INTRODUCTION 

Numarout  environmental  potiuiants,  drug*  of  Industrial  chamicais  are  now  known  to  suppress 
or  modulate  immune  functions.  Many  compound*  axon  an  immunosuppressive  off  act  often  at 
doaa*  lower  than  thoaa  caudng  overt  toxicity  or  death.  That*  compound*  lndudt  poiychlori- 
siphanyis  (Prtmd  and  Trainer,  1970;  Thoma*  and  HtoadR.  1978),  tatrachtorobanso-p- 
Jotdn  (Faith  and  Moor*.  1977),  heavy  metal*  such  a*  lead,  cadmium,  and  marcuiy  (Koftar. 
1973),  and  methyMtroaouraa  (Tair  at  ai.,  1979).  Other  compound*  have  bean  associated  with 
an  anhancamant  oi  the  immuna  response,  or  an  anhancamant  at  on*  doaa  and  suppression  at 
higher  or  mom  prolonged  do***.  For  Instance,  mica  axpoaad  to  NO  or  NOj  showed  an 
enhanced  andbody  raapon**  to  a  T-dapandant  andgen  after  10  weeks  of  axposura,  but  a 
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dapmessd  response  aftar  30  weeks  (Holt  at  aL,  1979).  Tha  sama  biphasic  pattern  was  saan  with 
get ft  versus -hoti  reactions.  Exposure  of  mica  to  vinyl  chloride  also  resulted  In  immunoadmula- 
fion  as  measured  by  snhancad  spontaneous  lymphocyte  blastoganasis  and  enhanced  bias- 
togsnic  response  to  phytohemagghitMn  and  poksweed  stimulation  (Shame  and  Gehrtng, 
1979).  Long-term  high  dose  exposures  resulted  in  less  enhancement  than  short-tarm  high  dose 
exposures.  These  results  correlate  with  the  supposition  that  the  vinyl  chloride  syndrome 
experienced  by  exposed  industrial  workers  may  involve  an  autoimmune  phenomenon  (Ward  et 
aL,  1976). 

Numerous  other  drugs  have  been  associated  with  autoimmune  disease,  and  some  of  these 
induce  suppressor  caB  malfunctions,  such  as  methyidope  (Kirdand  et  aL,  1980).  Exposures  to 
compounds  containing  the  hydrazine  moiety  (-N-NH2),  such  as  hydralazine  (Perry,  1973)  or 
hydrarine  sulfate  (Durant  and  Harris,  1980)  have  induced  systemic  lupus  «rythematoeus(SL£)- 
fike  signs.  The  purpose  of  the  experiments  reported  here  was  to  examine  the  in  vitro  and  in  vivo 
effects  of  a  simple  hydrazine  derivative,  1,1-dmethylhydrazine  (UDMH),  on  Immune  response 
and  suppressor  ceB  induction  in  mice. 


MATERIALS  AND  METHODS 


Male  and  female  Swiss  outbred  mice  weighing  20-35  g  were  used  for  ail  in  vivo  or  in  vitro 
experiments. 


Chemical  Preparation 

The  UDMH  was  obtained  in  liquid  form  (Aldridge  Chemical  Corp.)  and  further  dbtffled  (Dr. 
Kenneth  Back  and  aewdates,  Wright  Patterson  Air  Force  Base,  Dayton.  OH).  It  was  dButed  in 
phosphate  buffered  seine  (PBS)  for  in  vivo  (mouse  exposure)  experiments,  or  cefl  culture 
media  (see  below)  for  in  vitro  (lymphocyte  exposure)  experiments. 


Animal  Treatment  In  Vhro  Experiments 

Two  treatment  regimes  warn  used  in  two  dtrierent  experiments.  In  the  short-term  exposure 
experiments,  6  groups  of  10  mice  each  (5  female,  5  male)  were  injected  intraperitoneafly  (ip) 
daily  with  PBS  (dSuent  control),  10,  25,  50,  100,  or  150  mgfkg  UDMH.  On  the  fifth  day  of 
injections,  they  warn  immunized  Ip  with  0.2  ml  of  a  10%  suspenrion  of  sheep  erythrocytes 
(SR8C).  five  days  later,  the  mice  were  kffled  For  the  long-term  exposure  experiment  5  groups 
of  mice  (10  mice  par  group,  5  male,  5  female)  were  injected  ip  3  days  per  week  for  14  weeks 
with  PBS  (dUuent  control),  25,  50,  100,  or  150  mgfkg  UDMH  Four  days  before  sacrifice,  the 
mice  were  immunized  Inttavsnoudy  (iv)  with  0.2  ml  of  a  10%  suspension  of  SRBC 


UDMH  1,1 
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Spleen  CeUe 

Met  were  killed  by  cervical  dislocation,  and  the  spleens  asapttcaUy  removed  and  placed  in  L-15 
media  (Grand  Island  Biological  Co.,  Grand  Island,  NY)  supplemented  with  1% 
ethylenedUmtnetetiaacetlc  add  (EDTA)  and  1%  antibiotic  solution.  The  spleens  were  sepa¬ 
rately  teased,  strained  through  #60  wire  mesh,  and  aspirated  several  times  through  18, 25,  and 
27  gauge  needles.  The  red  cefis  were  lysed  with  0. 15  M  ammonium  chlortdc  tysing  solution,  and 
the  while  cefis  were  then  washed  and  suspended  in  ceB  culture  medium  (CCM)  consisting  of 
RPMI 1640  (Grand  Island  Bolo0cal  Co.,  Grand  island,  NY),  supplemented  with  2  x  10~*  M 
2-mcrcaptocthanoi,  10%  fetal  bovine  serum  (Sterile  Systems.  Inc.,  Logan,  UT),  and  1% 
antibiotic  solution.  The  splenocytes  were  counted  and  diluted  to  10*  lymphocyte*' mL  Viability 
was  97-100%.  Percent  of  lymphocytes  ranged  from  85-99%  (other  cefis  being  macrophage 
or  neutrophfis). 


Lymphocyte  Blast  Transformation  (LBT)  Aeeay 

Microtiter  plates  (CoStar,  Cambridge,  MA)  were  filled  with  0.1  ml  ceil  suspenrion  (10s 
lymphocytes)  per  wefl.  ConcanavaHn  A  (Con  A)  (Sigma  Chemical  Co.,  St  Louis.  MO)  and 
Kpopdysaccharide  (LPS;  derived  from  £  co/1  0127:B8;  Difco  Laboratories,  Detroit  MI)  were 
added  to  murine  splenocytes  in  10  til  aliquots  (0.2  p^wefi  of  Con  A  and  10  m^wcD  of  LPS). 
Quadruplicate  wefis  were  set  up  for  each  mitogen  and  CCM  control  Cultures  were  incubated  at 
37*C  in  a  5%  COj  humidified  incubator  for  54  hr,  then  pulsed  with  0.5  pCi/well  of  tribated 
thymidine  (^-TdR;  New  England  Nuclear,  Boston,  MA)  and  harvested  18  hr  later  using  a 
multiple  automated  sample  harvester  (Otto  Hiller  Co.,  Madison,  WI).  The  glass  fiber  disks 
containing  the  harvested  cels  were  dried  and  placed  in  vials  with  sdnttfiaflon  cocktail  Counts 
par  minute  (cpm)  were  obtained  using  a  Squid  sdntOadon  counter  (Packard  Tricarb  Modal 
3375,  Packard  Instrument  Co.,  Downers  Grove.  IL).  “Corrected  cpm”  were  determined  by 
(cpm  of  mttogen-stimulated  cultures)  -  (background  cpm  [cultures  with  CCM]). 


UDMH  Treatment  at  Spleen  Celle  In  Vitro  LBT  Experiments 

Spleen  cefis  were  haivasted  as  deecrfbed  from  24  normal  mice.  UDMH  was  added  to  LBT 
cultures  containing  Con  A.  LPS.  or  CCM  in  concentrations  of  0  (control).  5, 10. 25. 50, 75, 100, 
or  150  fig/ mL  UDMH  wee  present  throughout  the  Incubation  period.  The  LBT  assay  was 
carried  out  as  described  above. 


Jerae  Plaque  Aeeay 

The  ager-hee  sfidc  modification  described  by  Cunningham  (1965)  was  used  In  all  assays. 
Briefly,  SRBC  were  washed  and  dttuted  to  a  15%  suspension  in  PBS.  Spleen  cefis  were 
harvested  as  described  from  SRBC  immunized  mice  (treated  with  UDMH  or  PBS),  and 
suspended  in  RPMI  1640  vrith  0.5%  gelatin  (Sigma  Chemical  Co.,  St  Louis,  MO)  at  3  x 
107ml.  Guinea  pig  complement  (C)  (Grand  Island  Btological  Co.,  Grand  Island,  NY)  was 
reconstituted  and  absorbed  with  SRBC  If  necessary.  Rabbit  anti-mouse  immunoglobulin  (lg)G 
(Mfies  Laboratories,  Elkhart  IN)  was  reconstituted  with  sterile  water,  absorbed  with  SRBC,  and 
frossn  In  100  pi  alquott.  For  direct  plaque  assays  (IgM  secreting  cefis),  30  *d  of  a  mixture  of  0.3 
ml  spleen  cels,  0.04  ml  SRBC  suspension.  0.04  ml  media,  and  0.02  ml  C  was  placed  in 
Cunningham  chambers.  For  indirect  plaque  assays,  0.04  ml  media  was  replaced  with  0.04  ml 
end-mouse  IgG  (1  :  40  dfludon  of  stock  solution).  Each  text  mixture  was  run  in  quadruplicate. 
Controls  consisted  of  1)  calls,  SRBC  and  media;  2)  cels,  SRBC.  and  anti-mouse  IgG;  3)  SRBC 
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mdC;  and  4)SRBC,  anti-mouse  kj,  and  C.  Slides  wan  saalad  with  patroleum  jelly,  incubatsd  at 
37*C  for  1  hr,  than  rafrigaratad  unfit  raading.  Plaques  wen  counted  on  a  dissecting  microscope 
using  Indirect  fight  Data  wen  expressed  as  numbers  of  plaques  per  10*  spleen  cells. 


Con  A-tachtcad  Suppressor  Cell  Assay 

Spleen  cels  wen  harvested  as  described.  Ceils  from  UDMH-treated  mice  wen  incubated  with 
Con  A  (1  jsg/ml)  or  CCM  for  48  hr,  then  washed,  incubated  with  mitomycin  C  (SOfuylO7  ceils) 
(Sigma  Chmicai  Co.,  St  Louis.  MO)  for  30  min  at  37*C  and  washed  three  times  in  Hank’s 
balanced  salt  solution  (HBSS;  Grand  Island  Btoiogicai  Co.,  Gtand  Island,  NY)  with  0.3  M 
a-methyl-d-mannoatda.  The  number  and  percent  of  five  cefls  was  determined,  and  the  cells 
seem  suspended  in  CCM  at  3  x  10*  five  cefis/mL  One  tenth  mfififitcr  of  this  Con  A-inducad 
suppressor  cel  population  or  the  control  cell  population  (incubated  in  CCM)  was  added  to  0.1 
mi  of  fresh  spleen  cels  (3  x  10*/ml)  collected  from  a  normal  (untreated)  donor  mouse  as 
prstSoushr  described  Con  A  LPS,  or  CCM  was  then  added  to  the  ceil  cultures  (quadruplcate 
wefis  for  each  mitogen  and  cel  combination),  and  they  were  incubated  and  harvested  as 
dsacribed  for  the  LBT  assay.  The  percent  suppression  was  determined  by 

cpm  of  cultures  with  suppressor  (Con  A-induced)  cefls) 

***  ”  (cpm  of  cultures  with  control  (media-incubated)  ceils  x 

For  the  in  vitro  UDMH  experiments,  suppressor  cals  horn  normal  mice  were  induced  by  Con  A 
as  described,  but  in  the  prasence  of  25  pgfrnl  UDMH  or  CCM.  The  rest  of  the  procedure  was 
carried  out  as  described  The  suppressor  cel  activity  generated  In  the  presence  of  UDMH  was 
compared  to  that  generated  by  Con  A  alone. 

Cel  Viability 

Cel  viabUty  wee  determined  by  the  trypan  blue  dye  exdurton  method  Percent  viability  was 
detarmined  by 

100  x  (no.  five  cells)/ (no.  total  cafis) 


For  al  In  vivo  experiments,  values  from  UDMH-treated  groups  were  compared  to  those  of  the 
control  (PBS-traated)  group,  and  evaluated  for  significant  differences  by  Student’s  t  test  For  the 
in  vitro  tests,  values  from  UDMH-treated  cefls  were  expressed  as  percent  of  the  control 
(untreated  cell)  values  and  dgrtifieant  differences  ware  evaluated  using  the  paired  t  test 


RESULTS 


Jerae  plaque  formation  Direct  and  Indirect  plaque  responses  were  determined  S  days  after 
ip  Immunization  in  the  short-term  exposure  experiment  The  50  and  100  m^kg  does  groups 
formed  more  Indirect  plaques  than  the  control  group  (1557  x  516  and  1762  x  648, 
respectively,  compared  to  1011  s  433  for  the  control  group),  although  these  increases  were  not 
srttfsficafly  significant  (Table  1).  No  significant  or  consistent  change  was  seen  in  the  direct  plaque 
rmponse.  In  the  long-term  exposure  experiment  direct  (IgM)  plaques  wars  measured  4  days 
after  tv  SRBC  Immunization.  Mice  in  the  10  and  50  m^kg  dose  youps  showed  a  significantly 
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higher  response  than  controls  (p  <  0.001)  (Table  1).  Responses  of  the  higher  dose  groups  (100, 
150  mg/ kg)  were  the  same  as  those  of  the  control  group. 

Con  A-inducad  suppressor  cells  Both  short-  and  long-term  UDMH  exposure  caused  a 
decreased  induction  of  suppressor  ccS  activity,  as  seen  in  Table  2.  although  the  decreases  were 
not  statistically  significant  The  50, 100,  and  150  m^kg  dose  groups  were  moat  affected  in  both 
experiments,  manifest  by  less  suppression  of  the  fresh  cell  response  to  Con  A  and  actual 
enhancement  of  the  response  to  LPS. 


Table  1  Effects  of  short-  and  long-term  UDMH  exposure  on  Jeme  plaque  formation 


Dose  UDMH  PPC/10*  spleen  ceBs 


(mg/kg) 

Mdbecr  ( *  SEM) 

Short-term 

Control  (PBS) 

296*91 

1011*433 

expotuf a 

10 

179*66 

865*317 

25 

214*60 

1126*385 

50 

179*43 

1557*516 

100 

262*74 

1762*648 

Long-term 

Control  (PBS) 

1110*340 

exposure* 

10 

1880*430" 

50 

1860*430" 

100 

1380*320 

ISO 

1190*120 

‘Mice  treated  daily  for  9  days  and  immunised  wtth  SRBC  5  days  before  racrtfica 

*Mee  treated  3  antes  weekly  for  14  weeks  and  immunised  with  SRBC  4  days  before  sacrifice. 

cp  <0.001. 


Table  2  Effects  of  short-  and  long-term  UDMH  exposure  of  Mice  on  suppressor  cell  Induction 
by  Con  A 


Short-term 

txpocurc 


Long-term 

exposure* 


Dote  UDMH  Percent  suppression  of  fresh  csO  response  to: 


I  mg/ kg)  _  Con  Alt  SEM)  LPS  It  SEMI 


Control  (PBS) 

49.2*12.9 

7.4*11.8 

10 

59.6*7.6 

10.7*5.4 

2S 

37.7*20.0 

47*11.9 

50 

36.5*18.4 

-17.9*12.9 

100 

30.5*9.7 

-9.9*10.4 

150 

30.7*24.9 

-11.9*10.4 

Control  (PBS) 

48.4*11.2 

20.9*8.2 

10 

42.1*14.4 

11.4*11.9 

50 

249*15.7 

-35.5*43.1 

100 

47.3*133 

7.5*10.2 

ISO" 

55.7 

6.4 
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LBT  assay  Nona  of  the  UDMH-treated  groups  showed  either  suppressed  or  elevated  LBT 
response  to  mitogens  compared  to  the  controls.  All  groups  showed  good  responses  to  both  Con 
A  and  LPS  (data  not  shown). 

Toddty  None  of  the  mice  in  the  short-term  study  died  or  showed  any  signs  of  toxicity,  in 
the  long-term  study,  7  out  of  10  mice  In  the  highest  dose  group  (ISO  mg/ ml)  died  by  the  end  of 
the  study,  the  other  three  appeared  healthy.  All  mice  surviving  at  the  end  of  the  experiment 
were  necropsied  and  selected  tissues  were  examined  histologically,  no  significant  gross  or 
histologic  abnormalities  were  present 

Effect  of  In  Vitro  Exposure  of  Cells  to  UDMH 

LBT  assay  The  LBT  response  of  normal  cells  to  Con  A  was  suppressed  by  UDMH  at 
concentrations  of  25  to  150  ju^ml  (Fig.  1).  The  response  to  LPS  was  significantly  enhanced  at 
10  and  25  pg/m L  and  depressed  at  100  to  150  pg/mL  The  suppression  of  the  LPS  response 
\ms  not  due  to  decreased  cell  viability  as  a  result  of  UDMH  exposure  (Table  3).  however,  the 
viability  of  the  cultures  stimulated  with  Con  A  was  somewhat  decreased  at  50  to  150  pg/ml 
UDMH. 

Effect  of  UDMH  on  in  vitro  Con  A-induced  suppressor  ceil  activity  The  UDMH  inhibited 
Con  A-induced  suppressor  cell  activity  in  the  LBT  assay.  The  suppression  of  the  fresh  cell  LBT 
response  to  Con  A  in  three  separate  experiments  was  decreased  by  an  average  of  17  2%  (p  < 


Figure  1  Effects  of  UDMH  on  the  LBT  response  of  normal  splenocytes  to  Con  A  and  LPS 
(vertical  bars  represent  standard  enror  of  the  mean).  (*)  Con  A;  (W)  LPS.  (a)  p  <0.001;(b)p< 
0.005;  ( c )  p  <  0.01  (paired  t  test). 


OF  UDMH  (( 


1,1-Dimethyl  hydrazine  Immune  Function 


145 


Table  3  Viability  of  spienocytes  incubated  with  UDMH  and  Con  A  or  LPS 


Concentration  UDMH 
(pgl ml} 

Con  A 

LPS 

%  viability 
(x  SEM) 

P* 

%  mabtSfy 
(x  SEM) 

P 

0  (control) 

86.5x2.2 

— 

91.5x1.5 

— 

10 

80.5x4.6 

NS* 

95.5x0.5 

>0.025 

50 

67.0x6.5 

<0.025 

92.0x2.5 

NS 

100 

68.3x8.0 

<0.05 

89.0x1.9 

NS 

ISO 

68.5x3.9 

<0.005 

78.0x3.5 

<0.01 

"o  value  determined  by  Student's  t  test 
®NS  “  not  significant 


0.05),  and  to  LPS  by  29%  (NS),  when  UDMH  (2Sp^ml)  was  present  during  suppressor  cell 
induction  (Table  4). 


DISCUSSION 

Both  the  in  vivo  and  in  vitro  experiments  suggest  that  UDMH  inhibits  suppressor  ceil  function. 
Direct  and  indirect  Jeme  plaque  formation  were  increased  in  UDMH-treated  mice,  and  Con 
A-induced  suppressor  cell  activity  was  diminished  in  treated  mice.  The  in  vitro  studies  indicated 
that  UDMH  caused  an  enhanced  response  to  the  mitogen  LPS.  and  also  abrogated  suppressor 
cell  induction  in  normal  spleen  cells.  In  the  treated  mice  as  well  as  in  culture,  it  took  relatively  low 
doses  of  concentrations  of  UDMH  to  exert  these  effects,  while  higher  amounts  were  similar  to 
controls.  This  indicates  that  the  suppressor  cell  population  is  preferentially  inhibited  at  low  doses 
or  that  the  suppressor-helper  ratio  is  altered  in  favor  of  helper  cell  activity  (increased  helper 
activity  or  decreased  suppressor  activity).  Higher  in  vivo  doses  apparently  do  not  affect  this  ratio, 
nor  are  they  immunosuppressive;  however,  in  vitro  exposure  of  lymphocytes  to  higher 
concentrations  of  UDMH  causes  inhibition  of  the  LET  response  and  toxicity  at  even  higher 
concentrations. 

Inhibition  of  suppressor  cell  function  would  correlate  with  the  observed  SLE-iike  syndrom* 
induced  by  hydralazine  and  hydrazine  sulfate.  It  is  well-established  that  natural  cases  of 
(Bresnihan  and  Jasin.  1977)  as  well  as  other  autoimmune  diseases  such  as  Graves'  disease 
(Add  et  aL.  1979)  or  multiple  sclerosis  (Reinhetz  et  al„  1980)  are  associated  with  a  decrease  in 
suppressor  ceil  function.  More  recently,  drug-induced  autoimmune  disorders  have  been 


Table  4  Effects  of  UDMH  in  cultunres  of  in  vitro  suppressor  cell  induction  by  Con  A 


Percent  suppression  of  fresh  cet  LST  response  to: 
Con  A  LPS 


Exp.  1 

Exp.  2 

Exp.  3 

Mean 

Exp.  1 

Exp.  2 

Exp.  3 

Mean 

Suppressor  cals 
induced  in  presence 
of  UDMH 

7.2 

-5.1 

32.2  11.4 

(p  <0.05)* 

59.3 

19.3 

-95,3 

-5.6 

NS* 

Suppressor  ceBs 

Induced  alone 
(control) 

19,9 

21.4 

44.7 

28.7 

67.5 

24.2 

-21.4 

23.4 

*p  value  from  paired  r  test 
*NS  «  not  significant. 
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associated  with  dacrsasad  suppressor  T-csB  function,  such  as  that  reported  for  methyldopa- 
induced  autoimmune  hemolytic  anemia  (Rutland  ct  aL,  1980).  In  patients  taking  methyldopa, 
polyclonal  antibody  production  was  increased  compared  to  normal  subject!  and  suppressor 
T-cefl  activity  of  ceils  from  these  patients  on  normal  cell  polyclonal  antibody  production  was 
diminished.  Cyclophosphamide  at  certain  dose  levels  will  also  abrogate  suppressor  T-cell 
function  (Schwartz  ct  aL,  1978). 

Certainly,  other  mechanisms  may  explain  the  enhancement  effects  of  UDMH.  Being  a  small 
and  unstable  molecule,  it  may  alter  membrane  permeability  and  ion  flux,  enhancing  the 
mitogenic  stimulus,  it  is  known  to  act  as  a  growth  promotor  for  fibroblasts  at  low  concentrations 
(Biakesiee,  unpubfished  data)  and  It  caused  somewhat  higher  background  counts  in  our 
lymphocyte  cultures,  although  a  dose  effect  was  not  seen 

The  immunoenhancement  effects  of  UDMH  could  also  be  related  to  the  interaction  of  the 
hydrazine  moiety  with  pyrimidine  and/or  purine  bases  of  DNA.  Dubroff  and  Reid  (1980)  have 
demonstrated  several  “altered  nucleoside  products’’  as  a  result  of  Incubation  of  thymidine  or 
deoxydytidine  with  hydralazine;  and  Shank  (1980)  reported  that  rats  treated  with  hydrazine 
showed  increased  methyiation  of  guanine  DNA  in  the  liver.  These  interactions  could  result  in 
either  acquired  immunogenicity  of  host  DNA  or,  if  lymphocyte  DNA  is  affected,  abrogation  of 
immune  tolerance. 

The  effects  of  UDMH,  at  least  partially,  may  also  be  genetically  determined.  Hydralazine- 
induced  SLE  occurs  nearly  exclusively  in  patients  with  the  “slow  acetyiator"  phenotype  (Perry 
et  aL.  1970),  and  the  reported  case  of  hydrazine  sulfate-induced  SLE  (Durant  and  Harris,  1980) 
was  also  in  a  person  with  the  slow  acetyiator  phenotype.  It  would  be  of  interest  to  determine  the 
relationship,  if  any.  between  acetyiase  activity  and  lymphocyte  function  and  interactions. 

Regardless  of  the  mechanism,  it  is  apparent  that  subtoxic  doses  of  hydrazine  compounds 
may  enhance  the  Immune  response  and  cause  autoimmune  disease.  This  is  an  important 
observation,  since  the  hydrazine  moiety  is  prevalent  in  the  environment  found  in  mycotoxins  in 
common  edible  mushrooms  (Toth  et  aL.  1978),  herbicides  (maleic  hydrazine)  (Zurkei. 
1957/1963),  and  missile  propellants  (such  as  UDMH)  (Beck  and  Thomas,  1970).  It  is  also 
present  in  such  commonly  used  drugs  as  hydralazine,  tsoniazid,  and  hydrazine  sulfate.  Many 
hydrazine  compounds  are  known  to  possess  overt  toxic  or  carcinogenic  properties,  but 
immunotoxic  effects  may  occur  earlier  and  at  lower  exposure  levels. 

Supported  In  part  by  Contract  No.  F49620-79-C-01  63  bom  the  Air  Force  Office  of  Scientific  Research. 
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Abstract: 


The  in  vivo  and  in  vitro  effects  of  1,1-dimethylhydrazine  (UOMH)  on  the  murine 
one-way  mixed  lymphocyte  reaction  (MLR)  were  examined.  In  vivo  studies  in  which 
splenocytes  from  mice  injected  with  UDMH  for  one  week  were  used  as  the  responder 
cell  population  showed  a  significantly  reduced  MLR  with  doses  of  10-50  mg/kg  UDMH. 
The  in  vitro  incorporation  of  UDMH  throughout  the  MLR  7  day  culture  period  resulted 
in  a  concentration  related  suppression  of  the  MLR  of  both  intact  responder  cell 
populations  and  responder  cell  populations  from  which  the  adherent  cells  had  been 
removed.  Two  hour  pre-treatment  with  UDMH  on  various  cell  sub-populations  involved 
in  the  MLR  produced  the  following  results:  1)  pre-treatment  of  nonadherent  responder 
cells  (without  adherent  cell  component)  resulted  in  a  slight  concentration  related 
suppression  of  MLR;  2)  pre-treatment  of  adherent  cell  component  of  the  responder  cell 
population  resulted  in  an  enhancement  of  MLR;  3)  pre-treatment  of  intact  responder 
cell  population,  nonadherent  cells  reconstituted  with  untreated  adherent  ceils,  and 
intact  stimulator  cells  did  not  alter  MLR.  There  was  no  cytotoxicity,  due  to  UDMH 
treatments,  observed  in  any  assays.  This  data  indicates  that  UDMH,  in  some  manner, 
modifies  specific  immune  cell  functions. 


The  effects  of  hydrazine  and  hydrazine  derivatives  on  a  variety  of  organisms 
ranging  from  bacteria  to  laboratory  animals  have  been  studied  from  a  biochemical  and 
genetic  viewpoint  (Balo  [  1979] ,  Kimball  [1977] ,  Ray,  Hanson  &  Lardy  [1970], 
Smith  [1965]);  however,  little  work  has  been  done  regarding  the  possible  adverse 
effects  these  compounds  produce  on  the  immune  system.  Current  research  by  Tarr  et 
al.,  has  demonstrated  that  in  vivo  and  in  vitro  exposure  of  immunocytes  to  1,1- 
dimethylhydrazine  (UDMH)  altered  their  immune  responses.  In  vitro  incubation  of 
murine  splenocytes  with  UDMH  resulted  in  a  concentration  related  suppression  of 
concanavalin  A  (ConA)  T-cell  mitogenesis,  but  had  a  biphasic  effect  on  lipopolysacchar- 
ide  (LPS)  B-cell  mitogenesis,  that  is,  enhancing  the  response  at  low  concentrations  while 
inhibiting  the  response  at  higher  concentrations.  UDMH  in  vivo  and  in  vitro  exposure 
resulted  in  inhibition  of  ConA-induced  suppressor  activity.  Also,  splenocytes  from 
UDMH  treated  mice  formed  more  Jerne  plaques  than  splenocytes  from  untreated 
control  mice.  These  altered  immune  responses  suggest  that  UDMH  interferes  with 
immunoregulatory  function  (Tarr,  Olsen  ic  Jacobs  [1982]). 

Clinical  evidence  also  suggests  that  hydrazine  compounds  interfere  with  immune 
regulation.  Hydralazine,  a  drug  used  for  treatment  of  hypertension,  has  been  associated 
with  the  occurrence  of  a  systemic  lupus  erythematosus-like  (SLE)  syndrome  in  some 
patients  undergoing  this  drug  therapy.  This  association  is  significant  because  SLE  is  an 
autoimmune  disease  associated  with  abrogation  of  suppressor  cells  and/or  suppressor 
ceil  function  (Dubroff  &  Reid  [1981]).  Other  hydrazine-containing  drugs  such  as 
isoniazid,  procainamide  (Reidenberg  [1981]),  and  hydrazine  sulfate  (Durrant  ic 
Harris  [1980])  have  also  been  associated  with  SLE. 
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We  studied  the  effects  of  UDMH  on  different  ceil  functions  in  the  murine  mixed 
lymphocyte  reaction  (MLR)  with  special  emphasis  on  regulator  cell  activity.  Briefly, 
the  MLR  is  known  to  occur  when  a  certain  subpopulation  of  T -ceils  recognizes  foreign  la 
antigens  on  a  genetically  different  cell  population  and  reacts  by  mounting  an  immune 
response  (Klein  [  1975] ).  The  T-cells  responsible  for  initial  la  recognition  and  initiation 
of  MLR  are  contained  in  the  nonadherent  cell  population  (Boehmer  [1974]),  while 
regulatory  cell  (suppressor  cell)  activity  is  at  least  partly  associated  with  the  adherent 
ceil  population  (Folch  6c  Waksman  [  1974] ).  By  treating  stimulator  cells,  responder 
cells,  and  adherent  and  nonadherent  cell  populations  within  the  'responder  population 
with  UDMH,  we  hoped  to  determine  this  chemical's  effects  on:  1)  cell'  recognition,  2) 
response  to  that  recognition,  and  3)  adherent  suppressor  cell  function.  ■  " 

MATERIALS  AND  METHODS  .  •  i.,  . 

Animals  The  mice  used  in  the  MLR  assays  were  Balb  C  (for  stimulator  cells)  and 
C57  Bl/6  (for  responder  cells),  aged  6  weeks  to  6  months,  obtained  through  the  Ohio 
State  University  Animal  Procurement  Service,  Columbus,  Ohio.  '  >  ■<:'  ••  - 

Unsymmetrical  Dimethylhydrazine  (UDMH)  UDMH  was  obtained  from  Aldrich 
Chemical  Corporation  in  a  liquid  form  and  purified  by  distillation  by  Dr.  Kenneth  Back 
and  associates,  Wright  Patterson  Air  Force  Base,  Dayton,  Ohio.  The  UDMH  was  diluted 
to  proper  concentrations  with  culture  medium  (in  vitro  experiments)  or  phosphate 
buffered  saline  (PBS)  (in  vivo  administration).  ■  r  '• 

Culture  Medium  Culture  medium  consisted  of  RPMI  1640  with:  25  mM  hepes 
buffer  (Grand  Island  Biological  Co.,  Grand  Island,  N.Y.  [  GIBCO] )  supplemented  by 
2x10"^  M  2-mercaptoethanol,  2.5%  pooled  human  sera  (type  ABS  GIBCO),  1%  L- 


glutamine  (GIBCO),  and  1%  antibiotic  solution  consisting  of  100  ml  Hank's  Balanced 
Salt  Solution,  2000  units  penicillin,  1  g  Streptomycin,  33,333  units  of  mycostatin,  and 
1%  sodium  bicarbonate. 


Lymphocyte  Isolation  Mice  were  sacrificed  by  cervicai  dislocation  and  their 

.  ’  i  •  :  ■  i  :  • 

spleens  aseptically  removed.  Single  cell  suspensions  were  obtained  by  straining  the 
spleens  through  a  60  mesh  brass  screen  into  L-15  medium(GIBCO)  supplemented  with 
.05%  ETDA  and  1%  antibiotic  solution.  Cells  were  then  aspirated  through  a  series  of 

IS,  25,  and  27  gauge  needles.  A  hemolyzing  agent  of  .15  M  ammonium  chloride  was 

.  1  ' 

used  to  lyse  residual  erythrocytes  in  the  splenocyte  preparation.  The  cell  suspension 
was  then  washed  with  L-15  and  suspended  in  culture  medium.  Lymphocytes  were 

i  * 

counted  with  a  hemocytometer  and  viabilities  determined  by  use  of  trypan  blue  stain. 
One-Way  Mixed  Lymphocyte  Reaction  Procedure  Splenocytes  from  C57  Bl/6  mice 

■  •  i : 

were  used  as  the  responder  cell  population.  These  lymphocytes  were  suspended  at 
2.5x10^  cells/ml  in  culture  medium.  Modifications  of  the  responding  cell  population  are 
described  below.  Allogeneic  stimulator  cells  were  obtained  by  incubating  lxlO7 

•  •  *' i  »*.«  « 

splenocytes  from  Balb  C  mice  with  50  jug  mitomycin  C  (Sigma  Chemical  Company,  St. 
Louis,  Mo.)  for  30  minutes  at  37  C  and  then  washing  three  times  with  cold  Hank's 
Balanced  Salt  Solution  (HBSS,  GIBCO).  The  cells  were  resuspended  in  culture  medium 
at  a  concentration  of  5x10  cells/ml.  C57  Bl/6  cells  were  also  treated  in  this  manner 

to  be  used  as  autologous  control  stimulator  cells.  Modifications  of  the  stimulator  cell 

■ ;«  •!<•’'  ■ 

population  are  described  below. 

-  . . .  •  c 

To  test  for  MLR,  100  ul  (5.0x10  )  allogenic  stimulator  cells  and  100  jui  (2.5x10  ) 
responder  cells  were  plated  in  quadruplicate  into  round-bottomed  microtiter  plates 

(Linbro,  Flow  Laboratories,  Inc.,  Hamden,  Conn.).  The  incorporation  of  UDMH  into  the 

1  !(!■••••  -  • 

MLR  assay  throughout  the  7  day  incubation  period  was  accomplished  by  plating  (in 

5  >  "  ■ 

quadruplicate)  50  juI  of  responder  cells  (2.5X10  cells)  and  50  jul  of  stimulator  cells 

»  »  « 

(5.0X10^  cells)  and  then  adding  100  jui  of  UDMH  per  well.  The  final  dilutions  of  UDMH 


used  were  0,  5,  10,  25,  and  50  ug  UDMH/ml. 


Controls  were  set  up  in  quadruplicate  as  follows:  1)  responder  cells  and  responder 
cells,  2)  responder  cells  and  autologous  stimulators  (autologous  controls),  3)  responders 
and  medium,  4)  responders  and  dilutions  of  UOMH,  5)  allogeneic  stimulators  and 
medium,  6)  allogeneic  stimulators  and  dilutions  of  UDMH,  7)  autologous  stimulators  and 
medium,  S)  autologous  stimulators  and  dilutions  of  UDMH,  and  9)  allogeneic  stimulators 
and  autologous  stimulators.  The  test  and  control  cultures  were  incubated  for  seven  days 
at  37°  C  in  a  3%  CO^  humidified  atmosphere.  Eighteen  hours  prior  to  termination,  the 
cells  were  labeled  with  0.5  juCi/well  ^H-TdR  (New  England  Nuclear,  Boston,  MA.)  The 
tests  and  controls  were  harvested  with  a  multiple  automated  sample  harvester  (Otto 
Hiller  Company,  Madison,  WI)  and  after  1  hour  drying  time  the  glass  fiber  disks 
containing  the  harvested  cells  were  placed  in  vials  with  scintillation  cocktail  and 
counted  with  a  liquid  scintillation  counter  (Packard  Tricarb  Model  3375,  Packard 
Instruments  Company,  Downers  Grove,  IL)  to  determine  ^H-TdR  incorporation  by 
counts  per  minute  (cpm).  Results  were  recorded  as  corrected  cpm  which  were  obtained 
by  subtracting  the  autologous  control  cpm  from  the  MLR  test  cpm. 

Cell  Viability  Viabilities  were  obtained  by  trypan  blue  dye  exclusion  test. 

Modifications  of  Responding  Cell  Populations 

Removal  of  adherent  cells  from  responding  cell  population  To  assay  the  effects  of 
UDMH  on  the  MLR  in  which  the  adherent  cells  were  removed  from  the  responding  cell 
population,  the  following  procedure  was  employed.  Responder  cells  at  a  concentration 
of  5x10*  cells/ml  were  placed  for  2  hours  in  60x15  mm  plastic  petri  dishes  (Falcon 
Labware,  Oxnard,  CA.).  The  nonadherent  cells  were  then  removed  by  gently  washing  3 
times  with  culture  medium.  The  nonadherent  cells  were  counted  and  brought  to  a 
concentration  of  5x10*  cells/ml.  Responder  and  stimulator  (intact  spleen  cell 


population)  ceils  were  plated  with  UDMH  and  the  assay  completed  as  described  above. 
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UDMH  pre-treatment  of  nonadherent  cells  in  responding  cell  population  To  test 
the  effects  of  UDMH  treatment  on  nonadherent  ceils  in  the  responding  cell  population, 
responder  cells  were  prepared  as  follows.  The  nonadherent  cell  population  was  removed 
as  described  above  and  incubated  for  two  hours  at  37°  C  with  0,  5,  10,  25,  or  50  jug/ml 
of  UDMH.  The  cells  were  then  washed  with  HBSS,  brought  to  a  concentration  of 
2.5x10^  cells/ml  culture  medium,  plated  with  stimulators  and  the  assay  completed  as 
described  above  (without  the  7  day  incorporation  of  UDMH). 

Also,  nonadherent  cells  were  treated  with  UDMH  as  described  above  and  then 
reconstituted  with  non-treated  adherent  cells.  (Reconstitution  procedure  follows.)  These 
cells  were  then  used  as  responders,  plated  with  stimulators  and  the  assay  completed  as 
described  above. 

UDMH  treatment  of  adherent  cells  in  responding  cell  population  To  determine  the 
effect  of  UDMH  pretreatment  on  the  adherent  cell  population,  responder  ceils  were 
prepared  as  follows.  The  nonadherent  ceil  population  was  removed  as  described  above. 
The  adherent  cell  population  was  treated  for  two  hours  with  0,  5,  10,  25,  or  50  ug/ml 
UDMH  and  then  washed  with  phosphate  buffered  saline  (PBS).  The  adhered  cells  were 
removed  from  the  petri  plates  by  a  30  minute  incubation  at  37°C  with  PBS  lacking 
calcium  and  magnesium  ions,  scraping  the  plates  with  a  sterile  rubber  policeman,  and 
vigorously  washing  five  times  with  culture  medium.  The  adherent  and  nonadherent  cells 
were  reconstituted,  brought  to  a  concentration  of  2.5  x  106  cells/ml  medium,  plated 
with  stimulators,  and  the  assay  was  completed  as  described  above. 

Modification  of  stimulator  cell  populations  The  allogeneic  and  autologous 
stimulator  cells  were  mitomycin  C  treated  as  described  above,  then  washed  and 
incubated  with  0,  10,  25,  50  and  100  ug/ml  UDMH  for  2  hours  at  37°C.  They  were  then 
washed,  suspended  to  a  concentration  of  5  x  106  cells/ml,  plated  with  non-treated 
responder  cells,  and  assayed  as  described  above. 


MLR  testing  with  mice  exposed  in  vivo  to  UDMH  C57B1/6  mice!  were  injected 
daily  intraperitoneally  with  10,  25,  or  50  mg/kg  doses  of  UDMH  or- PBS. for  one  week. 
The  mice  were  then  sacrificed  and  their  splenocytes  used  as  responder  cells  in  the  MLR 
assay.  :  ■ . . 

RESULTS  . 

Effects  of  In  Vitro  UDMH  on  the  MLR  of  Intact  and  Nonadherent  Responder  Cell 
Populations  The  presence  of  UDMH  throughout  the  culture  period  in  the  MLR  of  intact 
responder  cells  and  nonadherent  responder  cells  (i.e.,  in  which  the  adherent  cells  had 
been  removed)  caused  a  significant  concentration-related  suppression  in' both  cases  as 
compared  to  their  medium  controls.  In  the  first  case  (intact  MLR),  the  medium  control 
response  was  1271  +  351  (standard  error  of  the  mean)  cpm.  The  addition  of  10  ug/ml,  25 
jug/ml,  and  50  ug/ml  UDMH  to  the  MLR  resulted  in  responses  of  822  +  315  cpm  (p<.01), 
121  +  216  cpm  (p  c.005),  and  412  +  233  cpm  (p<  .025)  respectively  (Table  1).  The  MLR 
responses  of  the  nonadherent  responder  cells  were  also  slightly  suppressed  by  UDMH 
compared  to  the  medium  control:  2679  +  741  cpm  (media);  1507  +  6075  (5  mg/ml,  not 
significant [ N.S.] );  2032  +  643  cpm  (10  ug/ml,  N.S.);  1327  +  210  cpm  (25ug/ml;  p<.025); 
and  1223  +  643  cpm  (50  ug/ml;  p<. 05).  "?:' 

Removal  of  the  adherent  cells  from  the  responder  cell  population  (leaving 
nonadherent  cells  only)  resulted  in  enhanced  MLR  responses  compared  to  those  of  the 
intact  responder  cell  population  regardless  of  the  presence  of  UDMrt  (Tab  10  1).  The 
responses  were  significantly  greater  in  medium  (p < .05);  10  ug/ml  UDMH  (p<.05);  25 
Ug/ml  UDMH  (p<. 001);  and  50 ug/ml  (p<. 05).  ‘  M  K 

The  Effects  of  Two  Hour  Pre-Treatment  with  UDMH  on  the  MLR  of  Various  Cell 
Subpopulations  Differing  cell  populations  within  the  MLR  were  treated  with  5,  10,  25, 
and  50  ug/ml  UDMH  for  2  hours,  washed  once,  and  then  assayed  for  their  MLR.  The 
results  were  as  follows: 


1.  Two-hour  pre-treatment  of  the  intact  responder  cell  population  with  UDMH 
resulted  in  no  significant  alteration  of  response.  The  cpm  obtained  for  medium  controls 
5  ug  UDMH/ml,  10  ug/ml,  25  ug/ml  and  50  ug/ml  were  981  +  379  cpm,  1077  +  115  cpm, 
1038  +  146  cpm,  813  +  85  cpm,  and  753  +  112  cpm  respectively. 

2.  Removal  of  the  adherent  cell  population  and  2-hour  UDMH  treatment  of  the 
nonadherent  cells  in  the  responder  cell  population  produced  a  concentration-related 
suppression  of  the  MLR  similar  to  what  was  observed  in  the  7  day  UDMH  exposure  MLR 
assays.  The  cpm  for  the  medium  control  were  1878  +  187,  and  for  UDMH  pretreated, 
nonadherent  cells  were  1554  +  352  (5  jug/ml;  N.S.);  1304  +  165  (10  ug/ml;  p<.025); 
1361  +  280  (25  jug/ml;  N.S.);  and  1178  +  304  (50  ug/ml:  p  <.05)  (Table  2). 

The  removal  of  the  adherent  cells  also  resulted  in  an  increased  MLR  response  of 
the  pretreated  nonadherent  cells  compared  to  pretreated  intact  cells  as  was  seen  when 
UDMH  was  present  throughout  the  culture  period.  Compared  to  the  cpm  of  the  intact 
responder  cells,  the  cpm  of  nonadherent  responder  cells  were  significantly  increased  in 
media  (p  <  .05),  5  jug/mi  UDMH  (p  <  .05)  and  25  ug/ml  (p  <  .025)  (Table  2). 

3.  UDMH  pretreatment  of  nonadherent  cells  followed  by  reconstitution  with 
normal  adherent  cells  of  the  responder  cell  population  had  no  effect  on  the  MLR 
response.  The  cpm  obtained  were  1834  +  605  (media);  1551  +  281  (5  jug/ml  UDMH); 
2209  +  649  (10  ug/ml  UDMH);  1750  +  320  (25  ug/ml  UDMH);  and  1571  +  510  (5  jug/ml 
UDMH)  (Table  2). 

4.  Two  hour  UDMH  pretreatment  of  adherent  ceils  in  the  responder  cell 
population  followed  by  reconstitution  with  normal  (untreated)  nonadherent  cells  resulted 
in  a  mild  increase  in  the  MLR  as  compared  to  medium  controls.  The  cpm  of  the  control 
cultures  (media)  were  1628  +  499,  compared  to  2287  +  628  (5  jug/mi;  N.S.),  1944  +  628 
(10  ug/ml;  N.S.),  2244  +  583  (25  ug/ml;  N.S.),  and  2658  +  657  (50  ug/r  '•  p<.05)  (Table  2). 


These  responses  were  also  significantly  greater  than  the  responses  of  UDMH- 

•'ll- 

treated  intact  responder  cells  (5  jug/ml,  p<.05;  10,ug/ml,  p<.05;  25;ug/m  1,  p<.005;  and 

:f.  ■.  ■  , 

50  jug/ml,  p  <  .005)  (Table  2). 

5.  Two  hour  UDMH  pretreatment  of  the  intact  stimulating  cell  population 

'  r 

caused  no  significant  alteration  in  the  MLR  of  normal  (untreated)  intact  responder  cells 
(Table  3). 

■  •  •  »  i  .  , 

There  was  no  effect  on  control  cultures  due  to  the  presence  of  UDMH  in  all  of  the 

*  i  t 

in  vitro  assays. 

In  Vivo  Effects  of  UDMH  on  the  MLR  Preliminary  experiments  indicated  that 
daily  injections  of  UDMH  for  one  week  caused  significant  dose-related  suppression  on 

li¬ 
the  MLR  of  treated  mice.  Compared  to  PBS-treated  controls  (4340  ♦  929  cpm),  the  cpm 

were  lower  at  doses  of  10  mg/kg/day  (2733  +  1344;  p<  .01);  25  mg/kg/day  (2115  +  503; 

p  <  .025);  and  50  mg/kg/day  (505  +  42;  p<  .005)  (Table  4). 

«i  i  •  : 

Cell  Viabilities  The  UDMH  had  no  significant  cytotoxic  effect,  as  evaluated  by 

•  '  \ 

trypan  blue  dye  exclusion,  in  any  of  the  in  vitro  or  in  vivo  assays. 


DISCUSSION 

<.WJ  .1  •*, 

The  effects  of  UDMH  on  the  MLR,  an  in  vitro  correlate  (of  cell-mediated 
immunity,  were  determined.  Our  data  indicate  that  in  vitro  and  in  vivo  exposure  of 
immunocytes  to  UDMH  results  in  a  depressed  MLR.  Splenocytes  from  mice  injected 
daily  with  UDMH  for  one  week  showed  a  significantly  reduced  MLR  with  daily  doses  of 
10-50  mg/kg  UDMH.  Similarly,  the  presence  of  UDMH  throughout  the  7  day  culture 
period  resulted  in  a  concentration  related  suppression  of  the  MLR  of  both  intact 
responder  cell  populations  and  responder  cell  populations  in  which  the  adherent  cells  had 


been  removed. 


Pre-incubation  of  UDMH  with  various  cell  sub-populations  within  the  MLR  yielded 
the  following  results:  1)  UDMH  pre-treatment  of  non-adherent  responder  cells  (without 
return  of  the  adherent  cell  component)  resulted  in  a  mild  concentration-related 
suppression  of  the  MLR;  2)  Pre-treatment  of  the  adherent  cell  component  of  the 
responder  cell  population  resulted  in  a  mild  concentration-dependent  enhancement  of 
the  MLR;  3)  UDMH  pre-treatment  of  intact  responder  cells,  non-adherent  responder 
cells  reconstituted  with  untreated  adherent  ceils,  and  intact  stimulator  cells, did  not 
alter  the  MLR.  These  data  indicate  first  of  all  that  the  MLR  response  of  the 
nonadherent  cell  component  of  the  responder  ceil  population  is  reduced  as  a  result  of 
exposure  to  UDMH.  One  possible  explanation  for  this  suppression  is  interference  with  la 
(I-region  associated)  antigen  receptor  interaction.  The  MLR  occurs  because  of 
recognition  and  response  of  a  non-adherent  T-cell  population  to  la  antigens  present  on 
stimulator  T  and  B-cells  (Klein  [  1975  J ).  The  UDMH  may  cause  an  alteration  in  la 
antigen  receptor  sites  on  the  T-cell  surface  membrane,  thereby  rendering  the  T  cell 
incapable  of  recognition  and  response.  The  stimulating  capacity  of  the  la  antigen, 
however,  apparently  is  not  altered  because  UDMH  did  not  affect  the  MLR  when 
stimulator  cells  were  pre-treated  with  UDMH. 

'  !  ,  •  .  f  . 

Another  possible  explanation  for  this  suppression  is  metabolic  interference  caused 
by  UDMH.  In  some  cell  types,  carbohydrate  metabolism  is  abrogated  due  to  the 

i  i  :  ■  ■  •  i 

presence  of  UDMH  (Ray  et  al.[l970j)  This  metabolic  defect  may  in  turn  affect  the 
immune  function  of  the  nonadherent  cell. 

The  responder  adherent  ceil  population  was  also  affected  by  UDMH.  Mor.ocvtes, 
the  major  component  of  the  adherent  cell  population,  are  necessary  for  the  MLR  to 
occur.  It  is  thought  that  these  cells  function  as  "communicator"  ceils  between 
responder  and  stimulator  lymphocytes.  Monocytes  in  the  stimulator  cell  population  may 
also  function  in  this  capacity,  even  though  they  have  been  inactivated  by  mitomycin  C. 
(Mann  <5c  Abelson[  1980] ). 
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A  suppressor  or  regulator  function  has  also  been  attributed  to  monocytes  or  some 

.  I*  '  ;  ,  .  * 

other  cellular  component  of  the  adherent  cell  population  (Rice,  Laughter  & 

•  •  ,1  r  » 

Twomey  [1979]).  Our  data  indicated  that  the  MLR  of  the  nonadherent  responder  cells 

:  *  i 

alone  was  significantly  higher  than  the  MLR  of  intact  (adherent  and  nonadherent) 
responder  ceils,  regardless  of  the  presence  of  UDMH.  These  studies  also  showed  that 
when  adherent  cells  were  pre-treated  with  UDMH  and  then  added  back  to  normal 
nonadherent  cells,  the  MLR  of  the  reconstituted  responder  cells  was  slightly  enhanced. 
Two  explanations  for  this  effect  exit.  First,  there  is  a  possibility  that  UDMH  may 
specifically  stimulate  monocyte  "communicating"  cells  or  another  responding  cell  in  the 

1  •!  i  i 

adherent  cell  population  and  thereby  enhance  the  MLR.  Along  these  lines,  studies  in  our 

•  •  t . 

laboratory  have  indicated  that  UDMH  enhances  phagocytic  and  microbicidal  properties 
of  peritoneal  macrophages  during  a  2-hour  incubation  period,  indicating  a  non-specific 
activation  of  macrophages  (unpublished  data).  A  second  and  more  conceivable  theory  is 
that  UDMH  specifically  inhibits  the  suppressor  activity  of  the  adherent  cell  population, 
resulting  in  an  increased  MLR  when  the  adherent  cells  alone  are  exposed  to  UDMH. 
Other  experiments  in  our  lab  which  support  a  UDMH-induced  abrogation  of  suppressor 
activity  include:  1)  low  concentrations  of  UDMH  caused  an  enhanced  lymphoblast 
transformation  response  to  lipopolysaccharide;  2)  mice  treated  with  UDMH  responded  to 
sheep  erythrocyte  immunization  with  increased  numbers  of  plaque-forming  cells  as 
compared  to  control  mice;  and  3)  in  vivo  and  in  vitro  UDMH  treatment  inhibited 
concanavalin-A  induced  suppressor  activity  (Tarr  et  al.[1982]). 

A  possible  mechanism  for  the  loss  of  suppressor  activity  in  the  MLR  could  again 
be  UDMH-induced  interference  with  membrane  la  antigen-receptor  interaction.  Cell- 
mediated  suppressor  activity  is  thought  to  depend  on  this  interaction,  (Zan-Bar,  Murphy 
•!c  Strober  [  197S] )  and  UDMH  may  somehow  alter  the  la  antigen  on  the  suppressor  cells 
so  that  they  cannot  effectively  interact  with  and  suppress  the  responding  T-cells. 
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The  likelihood  that  UDMH  interacts  with  the  cell  membrane  is  supported  by 
studies  using  hydrazine  in  other  in  vitro  ceil  culture  systems,  in  which  both  the 
morphology  (toad  kidney  cells)  and  membrane  function  (myocardial  cells)  were  altered 
when  the  cells  were  incubated  with  hydrazine.  Hydrazine  also  caused  cell  fusion, 
resulting  in  multinucleated  giant  cells.  (Siemans,  Kitzes  <5c  Berns  [  19*1]).  UDMH  is  a 
similar  small,  reactive  compound  which  most  likely  behaves  similarly  to  hydrazine. 

In  conclusion,  it  is  clear  that  UDMH  alters  the  MLR  both  in  vivo  and  in  vitro,  and 
the  nature  of  the  alterations  in  vitro  depends  on  which  subpopulation  of  cells  is  exposed 
to  UDMH.  Studies  are  now  ongoing  which  will  hopefully  delineate,  the  site  and 
mechanism  of  action  responsible  for  these  effects. 


».  »  '  V  '  •  • 
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Table  1.  Effects  of  the  presence  of  UDMH  on  control  MLR  and  MLR  of  nonadherent 


Table  2.  Effects  of  2-hour  pre-incubation  with  UDMH  on  celi  sub -populations  in  the  MLR* 


u 


Table  3.  Effects  of  2-hour  preincubation  of  stimulator 
cells  with  UDMH* 


Concentration 
of  UDMH(ug/ml) 


value* 


0  (media  control) 

1590  ♦ 

389 

-  -  -  - 

10 

994  ♦ 

204 

n.s 

23 

1631  + 

326 

n.s. 

50 

1416  + 

312 

n.s. 

100 

939  + 

107 

rr.s. 

*  Responses  recorded  as  corrected 
error,  (see  text)  n  =  20-32 

counts 

per  minute  +  standard 

*p  value  determined  by  student’s 
media  control. 

t-test; 

values  compared  to 

Table  4.  Effects  of  UDMH  on  MLR  when  administered  in  vivo, 


*  Responses  recorded  as  corrected  counts  per  minute  ♦  standard (see 
text),  n  *  20-32 

fp  value  determined  by  student's  t-test.  . . 


